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(54) Solenoid valve 

(57) A solenoid valve comprising an axially elongated body member 1 having an axial bore therein in which is journalied a 
plunger member 1 1 for reciprocation in the bore under the influence of a magnetic field generated by a coil 16 carried by the 
body member, the body member also being provided with a chamber at or adjacent one end, the distal end, thereof in which 
the distal end of the plunger can move during reciprocation thereof, the distal end of the chamber being cbsed by a 
transverse wall 7 having an outlet 8 therein, the distal end of the plunger being adapted to co-operate with the outlet or the 
transverse wall so as to prevent or permit fluid to escape from the chamber, is characterised in that the body member 1 is 
tapered externally towards its distal end, the taper having an included angle of at least 0.75°. 

The valve is used in a drop on demand ink jet printer to control the flow of Ink to a nozzle outlet thereof. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 



1/1 




The present invention relates to a device, notably to a 
valve for use in an ink jet printer. 

BACKGROUND TO THE INVENTION; 

In one form of ink jet printer, ink is ejected under 
pressure through a fine bore nozzle orifice to form a 
droplet which impinges on the paper or other substrate to 
form a printed dot. The droplet of ink is formed by opening 
and shutting a valve controlling the flow of ink to the 
nozzle orifice. Typically, such valves comprise a tubular 
body carrying an electrical coil substantially co-axially 
thereon. Within the axial bore of the body is journalled a 
plunger for axial movement under the influence of the 
magnetic field generated by passing a current through the 
coil. The body carries at one end thereof, the proximal 
end, a plug which seals off that end of the body and also 
serves to limit the travel of the plunger in the bore. The 
other, distal, end of the body carries an ink chamber within 
which the other, free or distal, end of the plunger travels. 
A coil spring or other bias means is mounted between the 
plug and the proximal end of the plunger so as to bias the 
distal end of the plunger against the inner face of the 
transverse end wall of the ink chamber so as to close off an 
axial ink outlet in the end wall. If desired, the distal 
end of the plunger and/or the inner face of the end wall of 
the chamber can carry sealing elements, for example co- 
operating sealing discs, pads or ribs to assist the 
formation of an ink-tight seal at the ink outlet from the 
chamber . 

For convenience, the term solenoid valve will be used herein 
to denote in general valve mechanisms which comprise an 
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axially elongated body member having an axial bore therein 
in which is journalled a plunger member for reciprocation in 
the bore under the influence of a magnetic field generated 
by a coil carried by the body member; the body member also 
5 being provided with a chamber at or adjacent one end, the 
distal end, thereof in which the distal end of the plunger 
can move during reciprocation thereof, the distal end of the 
chamber being closed by a transverse wall having an outlet 
therein with which the distal end of the plunger engages in 
10 sealing engagement at one extreme of its travel and from 
which the distal end of the plunger retracts so as to permit 
fluid to escape from the chamber. 
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The electrical coil present in such solenoid valves is 
usually wound upon a plastic bobbin or former which is then 
slid onto the tubular body member of the valve. The body is 
usually formed as a plastic moulding and this typically has 
a very slight taper to it in order to allow the moulding to 
be removed from the mould in which it is formed. However, 
this taper is kept to a minimum, typically less than 0.5°, 
so that the bobbin or former is a close fit upon the body 
for substantially the whole of its length. 

The outlet from the ink chamber of the valve can be in the 
25 form of an axial spigot or stubby tube outlet so that the 
valve can be connected as a push fit to tubing to carry the 
ink from the valve to a remotely located nozzle orifice 
outlet. Alternatively, it has been proposed that the valve 
be connected to a manifold so that the valve can control the 
30 flow of ink through a number of nozzle orifices served by 
the manifold. Again, the valve outlet requires connection 
to the manifold either directly or via a flexible tube. 

We have now devised a form of solenoid valve body which aids 
35 accurate location of the electrical coil upon the body and 
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which facilitates connection of the valve outlet to a wide 
range of attachments. 

SUMMARY OF THE INVENTION: 

5 

Accordingly , the present invention provides a solenoid valve 
mechanism which comprises an axially elongated body member 
having an axial bore therein in which is journalled a 
plunger member for reciprocation in the bore under the 

10 influence of a magnetic field generated by a coil carried by 
the body member, the body member also being provided with a 
chamber at or adjacent one end, the distal end, thereof in 
which the distal end of the plunger can move during 
reciprocation thereof, the distal end of the chamber being 

15 closed by a transverse wall having an outlet therein, the 
distal end of the plunger being adapted to engage in sealing 
engagement with the outlet or the transverse wall at one 
extreme of its travel and from which the distal end of the 
plunger retracts so as to permit fluid to escape from the 

20 chamber, characterised in that the body member is tapered 
externally towards its distal end, the taper having an 
included angle of at least 0.75°. 

Preferably, the body member is formed with an internal axial 
25 bore and with a terminal recess at the narrow, distal, end 
of the body so as to provide the internal chamber within 
which the free, distal, end of the plunger is to co-operate 
with the transverse end wall of the chamber. It is further 
preferred that the distal end of the chamber be provided 
30 with a transverse end wall and that the internal face of 
that transverse end wall have one or more axially upstanding 
sealing ribs adapted to engage with a transverse sealing 
member carried at the distal end of the plunger journalled 
for axial reciprocation within the axial bore of the body 
35 under the influence of the magnetic field to be generated in 
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the coil carried substantially co-axially upon the body. 

By forcing the body as a frueto-conical member, the aster*.! 
surface of the body provides a taper fit into toT,^ 
5 bobbin of the coil and, where toe bobbin" Z^LI 
corresponding taper, the bobbin or former wilier 
securely upon the body than where a trJ^ZSLSl S?" 
or former is fitted upon a conventional b^dy 

0 By forming the chamber as a blind end to the cylindrical 
axial bore in the body, the body can be formed £TS£ 
moulding process. This avoids the need to previa, a 
HZT T ^ *° tte the attendant 

1 £rtoZ :r rinS S £1Uid ti9ht seil *• «» chamber! 

rhfTT' SeaUn9 " bS OT tt6 ^ »d face of 

the chamber can readily be formed during moulding of toe 

STboTV^ ° S ^ lioi ^ - d — — in manufacture „r 
tne body of the valve. 

oftnftao 1 ^ ° f t0dy CM ba as a continuation 

a sola? r 1 *•** ° f 016 b °* s ° « to provide 

a spigot member which can be readily be inserted into a 

to to™ 8 ^ "~ t t0 — * "» body 

spigtt .TT'' * V " W ° f «- taper on the 

spigot, a fluid tight seal between the valve and the other 
component is more re«dn„ . other 

r . a ~ t ^^r^T^rjT- 

more, since the chamber at the distal end of the valvfteL 
can extend within the axia! length of the spigot member toe 
valve body of toe invention enables a compact asse^y to^ 
achieved with other components. 

^ ° f *** can be used in a wide range of 

applications by connecting the distal end to other 
components using the taper on the distal end of toe tody 
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member to provide a push fit connection into a suitable 
recess in the other component. Thus, the spigot can be a 
push fit into an adaptor cap which carries a conventional 
spigot outlet which can be connected to a wide range of 
5 conventional other components. By variation of the adaptor 
cap, a range of sizes of components can be connected to a 
standard sized valve. 

However, the valve of the invention is of especial 
10 application in controlling the flow of ink to the nozzle 
outlets of a drop on demand ink jet printer where the 
ability to use a standard valve with substantially 
consistent performance with a wide range of sizes of other 
components in the ink system of the printer greatly assist 
15 the design, construction and initial commissioning of the 
printer. Accordingly, from another aspect, the present 
invention provides a drop on demand ink jet printer, 
characterised in that the flow of ink to a nozzle of the 
printer is controlled by a valve of the invention. 

20 

DESCRIPTION OF THE DRAWING: 

To aid understanding of the invention, it will now be 
described by way of illustration with respect to a preferred 
25 form thereof as shown in the accompanying drawing, which is 
an axial cross-section of the valve body. 

DESCRIPTION OF THE PREFERRED EMBODIMENT: 

30 The valve comprises a frus to-conical body member 1 moulded 
from a suitable plastic, for example a polyester resin. The 
body has a substantially central axial bore 2 extending from 
a thicker, proximal, end 3 to the narrow, distal, end 4 of 
the body. The proximal end 3 can be formed with a radial 

35 flange 5 as shown which serves as a shoulder against which 
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the electrical coil but*, when it is mounted on the bodv 

taTvalve 1^ alS ° ^ 3 ^slor 

the valve and can be provided with screw holes or 

oi which lt is to form part. The flange can have a circular 
Be body member 1 tapers towards the distal end «"to give an 

r 2 cl n,T e of at least °- 75 ° - * ^ " 

" '„ tQ the COBe o£ "volutton congruent with the surface 
or m * U ^ in ° 1Uded MSle increases to " 

tte^stal ^ di r al ° £ tte t0dy t0 — insertion o£ 
the distal end into other components and to minimise the 

> varratron m axial iength of the assembly of the valve and 

ste^rr *T ^ ~*««~ *» taperClet 

size during to manufacturing tolerances. 

c«atef itT T ° f 1 C " be «—'*«., be 
f^periTl no r^Sou o^-ct U £ 

c cut. witn one or morp vi 0 i ,'- a1 

grooves or carry one or more helical ribs to proTide a screw 
thread t o£ ^ ^ ^ P jade a screw 

oTtht^mL^ 1 . t0 ^ l0Catl0D " d — - - -1 

- srrs^ bore 2 ca ° be ~- 

* or rins, or the bore can be formed wHv, 

descried btw PlUn9Sr iB «- "»» - 

Preferably, the body , is f orned ^ a close<J 
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so as to provide the ink, chamber 6 in the blind end of the 
bore 2. The transverse end wall 7 closing the distal end of 
the axial bore 2 is conveniently formed during moulding of 
the body member so that it is an integral part of the body 
member. This avoids the need to provide a separate end 
wall, for example as an end cap, which must be secured and 
sealed upon the body member. The transverse end wall 7 
forming the blind end to the bore 2 is preferably provided 
with an axial bore 8 therethrough, which serves as the ink 
outlet to the ink chamber 6. This bore can be formed during 
the moulding of the body member or can be formed 
subsequently. 

It is preferred that the bore 8 have a portion of broader 
diameter adjacent its outlet so as to form an internal 
shoulder 9 against which a jewel nozzle orifice 10 butts 
when it is mounted in bore 8 to form the fine bore nozzle 
orifice for the valve. Alternatively, the jewel nozzle 
orifice can protrude into the ink chamber 6 to provide a 
convex seat against which the free end of the plunger seats 
to close the outlet to chamber 6. The nozzle orifice can 
also be provided by a capillary tube inserted into outlet 8. 
The tube can extend into chamber 6 so that its rim provides 
an annular seat corresponding to the ribs 9a as shown in the 
drawing . 

It is preferred that the nozzle orifice be demountable, for 
example by being a push fit in outlet 8. Other forms of 
demountable mounting can be used, for example a screw cap 
carrying the jewel nozzle or capillary tube orifice can be 
mounted on an external screw thread on the outer face of the 
end of the body 1. 

The axial bore 2 within body 1 has journalled for axial 
reciprocation therein a plunger 11 whose free, distal, end 
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emends onto chamber 6 and seals against the end wall 7 the 
rrbs9a„r the protruding end of the Jewel or capillary tune 
nozzle orifice. If desired, the distal end of pln^er^T 
can carry a sealing disc or pad 12 of a suitable rZer 11 
5 resxn to provide the sealing seat against the r^a " 
their egaivalent. The extent of rearward travel of p lun " 

end JZ ^ ** PlU9 " lTCated at «» prSLl 
end of the bore 2 and whose axial position is set du. f „„ 
manufacture of the valve to give the deTtr^ ^aveTof 
10 Plunger 11. p lun ger 11 is normally biassed inkling 

aft^ ^ 6 ^ " SPri " 3 14 or oth « "ias means 

bore 1 can T IT " * UB "' Wl end of 
15 will of tn k ^ 36813 b *"» " and the side 

wall of the bore or by providing an end cap not show. 

stated above, ink is fed to chamber 6, preferably via a 
radral mlet 15 into the chafer, as shown. However tte 

20 Tst^l alS ° te ^ ^ 2 S ° *»* " axIaSy 

20 past plunger 11 into chamber 6. «*iaxxy 

16. This can be free standing or, more usually, is wound 
upon a plastic or similar bobbin or former 17. LferaZ 
« the rnner face of the bobbin or former 17 has a toner 
corresponding to that of the external face of member Tso 
that the former or bobbin seats firmly upon the body member 

nobbL" p T d 8X15117 onto tte body — «• »• 

30 d^ ^ r ° £ "Clonal construction and 

30 desrgn, except for the taper on the inner face of the former 
or bobbin. If desired, means, for example a circumf^n^l 

35 The valve of the invention can be connected to a wide range 



SP943.A2 
15 October 1952 



- 9 - 



of other components by yirtue of the taper at the narrow, 
distal, end of the body member 1. Thus, the valve can be 
connected to a manifold where the valve is to serve a number 
of nozzle orifices, in which case the jewel or other nozzle 
5 orifice 10 is not inserted in the outlet 8 to body member 1 
and the necessary nozzle orifices are provided at the 
individual outlets to the manifold • By virtue of the taper 
at the distal end of the valve body, insertion of the distal 
end of the body into the female recess in such other 
10 components is facilitated and a fluid tight seal between the 
body member and the other components can readily be 
achieved . 

Alternatively, as shown dotted in the drawing, an adaptor 
15 cap 20 can be mounted as a push fit onto the distal end of 
the body member ♦ The cap 20 can have a conventional 
cylindrical spigot or other outlet by which the valve is 
connected to other components. In this way, it is possible 
using a standard valve body member 1 to fabricate a valve 
20 which can be adapted to fit a wide range of types and sizes 
of components and thus provide a versatile valve usable in 
a wide range of applications. 

The above construction of the valve is encased in a metal 
25 shell," not shown, to provide the magnetic return for the 
magnetic field generated as a current is passed through the 
coil 21. Such a shell typically takes the form of a 
cylindrical pot into which the valve assembly fits and which 
is then closed by a metal disc through which the free end of 
30 the valve body protrudes so that the nozzle orifice or the 
adaptor cap or other component can be fitted to the 
assembled valve. 
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CLAIMS ; 



30 4. 



35 



1. A solenoid valve mechanism which comprises an axl al i v 
elongated body member having an axial baJll * 
5 is journalled a plunger member toTrt^o^T Z T* 
under the influence of a magnetic f7eid «*n* ? I *** 
carried by the body memher, the body ~ ^£ \T 

being closed by a transverse wall having an outlet th.™ in 
the distal end of the plunger being adapted to en^ ^ 
sealing engagement with the outlet or the transverse Til at 
one extreme of its trave! and from whioh the distal ^nd of 
the plunger retracts so as to permit fluid 
the oh^er. characterised J Zt ITZTZX 

^leVtrCer^ltt.sV *— - <— - 
the ^H^^l 38 Claimed " e±ther of claims 1 or 2, wherein 

to provide the internal chamber within wnich Z SLT^ 
Of "a chaTr" *" " «" — se enTwaU 

wherein Va thr rt aS f, alned *" My 006 ° £ "» «**-. 
wherein the distal end of the chamber is provided with a 

!dL „ * ° r DOre aXlaUy "Ptaadin, sealing ribs 

at Se dL°tT a9 ; ^ 3 tt ""~» — r earned 

at the dastal end of the plunger. 
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5. A valve as claimed 4^ any one of the preceding claims, 
wherein the external surface of the body provides a taper 
fit into the former or bobbin of the coil and the bobbin or 
former has a corresponding taper. 

5 

6. A valve as claimed in any one of the preceding claims, 
wherein the distal end of the body is axial ly extended as a 
continuation of the taper over the main part of +- hp body so 
as to provide a spigot member v/hich can be readily be 

10 inserted into a female recess in another component to 
connect the valve body to that component, 

7. A valve as claimed in claim 6, wherein the chamber at 
the distal end of the valve body extends within the axial 

15 length of the spigot member. 

8. A valve according to claim 1 substantially as 
hereinbefore described. 

20 9. A valve substantially as hereinbefore described with 
respect to and as shown in the accompanying drawings. 

10. A drop on demand ink jet printer, characterised in that 
the flow of ink to a nozzle of the printer is controlled by 
25 a valve as claimed in any one of the preceding claims. 
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